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1 INTRODUCTION 
In the first half of the 20th century, 34 barrages were built at the river Main between Kostheim and Vi-
ereth. The Federal Waterways and Shipping Administration commissioned the Federal Waterways Engi-
neering and Research Institute to estimate the hazard potential due to failure of a weir gate. The calculat-
ed water levels were compared to existing water levels of a 100-year flood event. Thus the impact on the 
flooding situation caused by failure of a weir gate can be judged. 
According to the German Association for Water Management and Environmental Construction distinc-
tions between failure and revision of a weir gate have to be made. In case of a failure a weir gate cannot 
be moved out of the flow cross section at the time of an arriving flood. In case of a revision an inspection 
cover blocks a weir field. Considering failure of a weir gate the upstream water level of the barrage needs 
to be estimated for a 100-year flood event. In all scenarios the most powerful weir is considered. Real-life 
examples are chosen to demonstrate the creation of a hybrid model and the processing of the given task 
respectively. 
In case of failure or revision of a weir gate the flow regime in close vicinity to the weir is characterized 
by a three-dimensional flow intensified by the small number of weir fields. Hence, the application limits 
of one- and two-dimensional numerical approaches will be exceeded. To limit the computing costs a 
three-dimensional multiphase model is set up with OpenFOAM covering only areas where vertical accel-
eration cannot be neglected.  
Since the flow in the far field of the barrage and across the wetlands can be approximated as two-
dimensional, a 2D-model was used. It stretches over several kilometers of the river valley estimating the 
consequences of the failure for the region. 
In order to compute the upstream water level in case of failure with respect to all two- and three-
dimensional effects both models are necessary. The hydraulic boundary conditions and results of the two 
models influence each other. 
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tailwater level and backwater. This correlation is in fact unknown at the beginning of the investigation. 
Accordingly, temporary results of the 2D model must serve as hydraulic boundary condition. On the other 
hand, correlations found by the 3D model are integrated into the 2D model.  
The 3D model can be seen as addition to the 2D model considering the more exact simulation of high-
ly turbulent flow in close vicinity to the weir where the assumption of a two-dimensional flow is no long-
er valid. The procedure for coupling the two models in general can be done as follows (see figure 3): To 
gain an overview over the flow regime around the weir a first calculation run of the 2D model is carried 
out. Results of this calculation are the discharge through the weir and the tailwater level. Furthermore the 
difference between upstream and downstream water level can be calculated. Nevertheless, the water level 
difference is quite inaccurate due to the two-dimensional character of the model. To verify the water level 
difference the resulting discharge and tailwater level of the 2D model are transferred to the 3D model as 
hydraulic boundary conditions. Taking these hydraulic boundary conditions into account, the result of the 
three-dimensional model provides more detailed information about the backwater. Comparing the esti-
mated backwater values of the two models, a statement can be made whether the hydraulic capacity of the 
weir in the 2D model is accurate. Accordingly the overflow coefficient integrated into the weir of the 2D 
model needs to be adapted to the flow conditions of the 3D model. 
After the adaption of the 2D model another simulation run is carried out. The relation of flow over the 
wetlands and discharge through the weir changes due to the adapted overflow coefficient. The newly es-
timated values for flow through the weir, tailwater level and backwater are controlled by another simula-
tion of the 3D model. This iteration course is repeated until an acceptable deviation between the two- and 
the three-dimensional model is reached.  
 
 
Figure 3. Iteration: Iterative procedure of coupling the 2D- and 3D-model 
Since the necessary amount of iteration steps and occurring range of boundary conditions are unknown at 
the beginning of the investigation, an approach is needed to limit the number of simulation runs of the 3D 
model. A functional correlation between “discharge through the weir”, “tailwater level” and resulting 
“backwater” of the 3D model is wanted. Here, a mathematical function with two variables representing a 
three-dimensional surface in space was chosen. Using a polynomial of second order in x- and y-direction, 
an equation with nine unknowns results. Hence, nine simulations of the 3D model with different combina-
tions of hydraulic boundary conditions are needed to solve the equation.  
The equation is given as: 
ax² + by² +  cxy² +  dx²y +  exy +  fx²y² +  gx +  hy +  i = z (1) 
Value ranges of the parameters “discharge through the weir” and “tailwater level” can be estimated based 
on the first simulation run of the 2D model. E.g. in case of failure of a weir gate at the weir Rothenfels it 
was decided to set the range of the discharges from 1975 to 2175 m³/s and the range of the tailwater levels 
from 149.05 to 150.05 m a.s.l. The results are nine different combinations of boundary conditions consid-
ering a minimal, average and maximal discharge and tailwater level respectively within the parameters 
ranges.  
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draulic correlations of the 3D-model. The adapted 2D-model combines the advantages of both models, 
the dimension of the 2D-model and the accuracy of the 3D-model. 
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